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M A SEMIMAL 1993 ARTICLE,
McGinnisand Fosge' described the
major cxternal (nongenetic) modi-
fiahle factars that contributed 1o
death in the United States and labeled
them the "actual causes of death.” Due-
ing the 1990z, substantial lifestyle pac
terri changes may have led to varlations
imaciual canses of death. Mortality rates
{rom heart disease, sole, and cancer
have declined ® At the same time, behav-
ioral changes have led to an increased
prevalence of ohesity and diabetes®
Wost diseases and injuries have mul-
tiple potential causes and several fac-
tors and conditions may contribute to
asingle death. Therefore, it is a chal-
lenge to estimate the connibution of
each factor to morality. In this ar-
ticle, we used published causis of death
reported to the Centers for Disease Con-
trol and Prevention (CDC) for 2000,
relative risks (RRs), and prevalence es-
timates from published literature and
governmental reports to update actual
catises ol death in the United States—a
method similar to that used by
teGinnls and Foege.

METHODS

Our litersiure review usedl a MEDLINE
database search of English-language ar-
tictes that identified epidemiological,
clinical, and luboratory studies link-
ing tisk hehaviors and mortality. Our
search criteria were to include all ar-

For editorial comment see p 1263.

Context Modifiable behaviaral risk factars are leading causes of mertality in the Unitad
States. Quantifying these will pravide Insight inta the effacts of rezant trends and Lhe
implications of missad prevention oppartunities.

Objectives To identify and guantify the leading causes of meriality in the United
iates.

Design Comprehensive MEDLIME search of English-language articles thatidentified
epldemialogical, dinical, and laboratory studies linking risk behaviors and mortality.
The search was initially restricted to articles published during or after 1990, but we
|ater included relevant articles published in 1980 to December 31, 2002, Prevalence
and relative risk were identifisd during the literature search. We used 2000 mortality
data reported to the Centers for Disease Cantrol and Prevention to identify the causes
and number of deaths. The eslimates of cause of death were computed by multiply-

ing estimates of the cause-attributable fraction of preveritable deaths with the total
mortality datz.

Main Outcome Measures Actual causes of death.

Results Theleading cavses of death in 2000 were tobacco (435000 deaths; 18.1%
of total US deaths), poor diet and physical inactivity (400000 deaths; 16.6%), and
alcohol consumption (85000 deaths; 3.5%). Cther actual causes of death were ml-
crobial agents (75000}, toxic agents {55000), melor vehicle crashes {43000}, inci-

dents invalving firearms (29000), sexual behaviors (20000), and ilicit use of drugs
{17000).

Conclusions These analyses show that smoking remains the leading cause of mor-
tality. However, poor dist and physical inactivity may soon overtake tobacco a4 the
leading cause of death. These findings, along with escalating health care costs and
2ping population, argue persuasively that the need to estabiish a more preventive ori-
entation in the US health care and public health systems has become mare urgent.
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tlcles including the following key
words: mortality, smohing, physical ac-
tivity, dict, obesity, alcolol, micrabtal
mgents, taxke agents, motor vehicie,ﬁrz-
arms, sexual behavior, {1Hclt drug use,
Cur search allowed for words with simi-
lar meaning to be included (ie, exer-
cise as well as physical activity). The
search was initally resiricted to ar-
ticles published during or alter 1990,
but we later included relevant articles
published in 1980 to December 31,
2002 (search strategics are available
from the authors on request), For each
risk [actor, we used the prevalence and
RR identified by the litersture search.
To identify the causes and number of

deaths, we used mortality data re-
ported in 2000 1o the COC We used
nio unpublished inlormation er data.
We uged the fallowing formula to cal-
culate attributable fractions for each dis-
case: [P+ ZP (RRO)=11/[Py+Z R,
(RR)], in which Py is the percentage of
individuals in the United States noten-
gaging in the tisk behavior, P;1s the per-
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ceilage engaging in separate calego-
vies of the risk behavior, and BE, is
the RR of death for each separate cat-
egory relative to none. For instance, in
the case el smoking; Py is the percent-
age of persons wha never smoleed, P
is the percentage of former smoleers,
Pyis the percentage of current smok-
ers, RR, is the RR of 2 certain type of
death lor former smokers compared
with chese who never smaked, and
RR; is the RR of death for current
smokers compared with thase who
oever smoked. We then muliiplied
estimates of the cause-arrriburable
fraction of preventable deaths by
toral mortality data, Whenever pos-
sible, we used RRs of death and mor-
Lality data by athier variables such as
age, sex, and race,

We estimated ranges for our esti-
mated nunber of deaths by using the
smallest and highest RRs and their
boundaries when available, When data
were available, we used specific under-
lying causes of death in deriving some
ulour estimaces (e, firearins, motor ve-
hicles, snd illicit drug use). Fuether de-
1nils of these methods may vary due 1o
availability of datz and are presented in
each section below, We used SAS (ver-
sion 8.2, SAS Institute Inc, Cary, W)
and SUDAAN (version 8.0, Research
Triangle Insutute, Research Triangle
Park, MC) slatistical software,

RESULTS

The number of deaths in the United
States in 2000 was 2.4 million, which
is an increase of more than 250000
deaths in comparison with the 1990
total, due largely to population growth
and increasing age.™ Leading causes
ol death were diseases of the heart
(710760}, malignant neoplasms
(333091), and cerebrovaszcular dis-
eases (167661) (TAnLE 1),

Tobacco

We used inethods and software used in
previous COC reports (o compute the
annual smoking-attributable mortality
far 2000.*% As in previous reports, we
used RRs for each cause of death [rom
the American Cancer Society's Canicer

A Asecicnn Medical Association. All riplits Teserved,
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Table 1. Leading Causes of Death in the United States In 2000°

Diaath Aate par

Couse of Death Mo, of Deaths 100000 Pepulation
Haert diseass F1QTED 2682
Mabgnant neoplasm - 553091 20349
Carebmvascular diseasa 167 861 8048
Chronic lower respitatary bract dis=gsa 123 009 a4.3
Lirinl=ntional ijuriss o7 o0 56
Diabstzs mefilus 50301 253
Infiuerza and pneumania B5 313 B 23.7
Alzhuimer diseasa 19558 18
Haphrilis, nephratic syndrama, and nephrosis 37251 135
Z2plicemiz 31924 113
Cihhar A9 253 181.4
Total 2403351 BF3
*Diala aro Trom Mnino of ol B

Prevention Study 11” and included deaths
due to secondhand smaoking,

We used data [rom the Behavioral Risle
Factor Surveillance System (BRFSS), a
cress-sectional telephone survey con-
dlucted by state health departments with
the CDC's assistance, to determine
changes in US smoking prevalence from
1995-1559 to 2000. A detailed descrip-
tion of survey methods is available else-
where® A slight decline in smoking was
observed from 1995-1999 0 2000, The
prevalence ofsinoking in 1995-1999 was
22.8% for current smolers (males;
25.1%: fernales: 20.6%), 24.1% for former
smakers (males: 28,3%; females: 20.3%),
and 33.1% for never-smolers (males:
46.5%; females: 59.29%). In 2000, these
estimates were 22.2% for current smole-
ers {males: 24.1%; females: 20.5%),
24.4% lor lonner smolcers (males: 28.3%;
[emales: 20,79%), and 53.4% for never-
smalkers {males: 47 6%; fomales: 58.6%),

We estimate that approximately
435000 deaths were attributable to
smoking in 2000, which is an increase
0l 35000 deaths from 1990 (TABLE2),
This increase is due 1o the inclusion of
35000 deaths due to secondhand smeok-
ing and 1000 infant deaths due to ma-
ternal smoking, which were not in-
cluded in the arlicle by MeGinnis and
Foege.!

Poor Diet and Physical Inactivity

Ta assess the impact of poor dict and
Physical inactivity on morlity, we com-
puted annual deaths due to over-

weight. Recent articles have reported
that overweight increased in all seg-
ments of the US population P4 Tg da-
rlve the atributable number of deaths
due to overweight, we used estimates
from the CDC's 1999 and 2000 Ma-
tional Health and Mutrition Examina-
tlan Surveys.' We used the sume pro-
cedure reported by Allison et al® to
estimate annual overweighi-aeiribut-
able deaths. Weused the body mass in-
dex (BMI) range of 23 1o 25 as our ref-
erence category o match the method
used by Allison etal. Body mass index
15 calculated as weighe in kilograms di-
vided by the square of the height in me-
ters. Using dats [rom the 1990 and 2000
Mational Health and Nusrition Exami-
nation Surveys, the percentages [or BMI
cut points were less than 23 (22.395), 23
to less than 25 (15.09%), 25 to less than
26 (7.49%), 26 w less than 27 (7.36%),
27 to less than 28 {6.239%), 28 1o less
than 29 (6.30%), 29 to less than 30
(3.94%), 30 ta 33 (16.95%), and more
than 35 (12.62%).

We used hazand ratos reported pre-
viously! to recompute annual deaths
far & major population-based studies,
The mean estimarte of the rotal num-
ber of overweight-atiributable deaths in
2000 was 484921, Tor the Alameda
County Health Study, the estmated
number of overweight-atributable
deaths in 2000 was 567 683; Framing-
ham Heart Study, 543981; Tecumseh
Community Health Study, 462,005,
American Cancer Society Caneer Pre-
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Table 2. Actual Causes of Dealk in the United Stales in 1550 and 2000

. Aclual Causea Mo, (%) in1980* Mo. (%) In 2000
Tobscoo - 400 000 1) 435000 {18.1)
Pear diot 2nd physical inactiiy 300000 [14] 400000 (16.5)
Alcohol consumplian 100000 {5 BEO00 (3.5)
Microbial agants 50000 (4) 75000 (3.1)
Towxic agenis BOOCO () 55000 2.3
Mator vehica 25000 (1) 43000 {1.6)_
Firagnms 35000 (2 2300011.2)
Sexual behavicr 30000 (1) 2000008
Wizt druig usa 20000 (<1) 17 000 (0.7
Total ) 1060000 {50 1159000 (48.2)

"Dold ore o MeGinres and Foaga,' The pardentages ara for all desihs,

venton Study 1, 451 708 Murses Health
Study, 504 802; and the Mational Health
and Nutrition Examination Survey [
Epidemiclogic Follow-up Study,
4395448, 154

As in the study Ly Allison er al, the
estimate [or the atributable number of
deaths for nensmeokers or never-
smakers was higher than the estimate
for the totzl because smoking is asso-
ciated with both lower body weight and
higher mortality. Also in 2000, the
mean estimale of the total number of
averweight-attributable deaths among
nonsmokers or never-smokers was
343797, For the Alameda Coungy
Health Study, the estimate of over-
weight-attributable deaths among non-
sinoliars or never-smokers was 639026
Framingham Heart Study, 583913 Te-
cumseh Community Health Study,
437460, American Cancer Society Can-
cer Prevention Study 1, 466 729 Murses
Health Study, 570855, and the Ma-
tional Health and Mutrition Examina-
tion Survey 1 Epidemislogic Fol-
low-up Study, 544 798, Our estimaies
indicate an increase of 76.6% over the
1991 estimate of overweight-attribut-
alle deaths, with more than 80% of ex-
cess deaths accurring among individu-
als with class 2 and 3 obesity.

The prevalence of overweight used in
this study is based on data from 1999.
2000, Because the ellects of overweight
o mortality mny notappear until some
years aller a person becomes over-
weight, it is lileely that the increase in

* prevalence of overweight in the 1990s
overcstimates the current actual nuim-
ber ol deaths. However, the ol num-
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ber of deaths [rom the 1999-2000 data
tnay well be the expected number of
deaths in the next few years, Thus, we
believe a more aceurate and conserva-
tive estimate for overweight mortality in
2000 such as 385000, which s the
rounded avérage of 2000 and 1991 ¢s-
Hmates (494921 and 280 184),

Overweight would account for the
major impact of poor diet and physi-
cal inactivity on mortality * Diet may
have a minor additional effect on mor-
tality mainly from lack of certain es-
seitial nutrients.** Consumption of
fruits and vegetables increased in the
1990s,® and fat intake a5 a percentage
of calories declined ® Physical activ-
ity has increased slightly.® We esti-
mate that peor diet and physical inac-
tivity will cause an additional 15000
deaths a year, zlthough this too may lie
conservalive, Mutritional deliciencies
alone (Intemational Classification of Dis-
eases, 10th Revision [ICD-10] codes F40-
E64) were reported as the causes of
#2421 deaths in 2000,

We estimate that 400000 deaths were
attributable to poor diet and physical
inactivity, anincrease of one third from
300000 deaths estimated by McGinnis
and Foege,' and the largest increase
among all actual eauses of death. How-
ever, poot diet and physical inactiviry
could account for even more deaths
(=500000) when the 1999-3000 preva-
lence estimates of overweight have their
full effect,

Alecohaol Co nsumption

We used 2 large nationally representa-
tive surveys to determine U5 alcohol

consumption, The Mational Health In-
terview Survey, a liousehold survey that
measured alcohol intake in 1999 and
2000, and the BRFSS, a telephone sur-
vey that measured alcohol intake in
1994 8.5

We used RRs from the Australian Ma-
tonal Drug and Safety Report tharwere
based on mortality rates derived from
pooled data of several studies, 78 The
ER values were 1.33 for hazardous
drinking (4.01-6.00 drinks/d for males
and 2.01-4.00 for fernales) and 1.47 for
harmful drinking (=6.01 drinle/d [or
males and =4.01 for females) in con-
trast to low levels of drinking (0.25-
4.00 drinks/d for males and 0.26-2.00
for females) and abstinence (0-0.25
drinle/d [or bath males and females),

We used BRFSS data to compuie the
number of aleohol-atoriburable deaths
for the US population aged 18 years or
older. The BRFS5 also asked ques-
tions about binge drinking (ie, =5
drinks per occasion). To account for the
effect thatrespondents appeared not to
include binge drinking in their re-
potted regular drinking, we rcran our
analyses, adding 5 drinks per binge ac-
casion te average drinks per day. The
total number of deaths atributable to
aleohol was 103350,

We also used 3 other recent studies
to estimate alcolol-attributable mor-
tality. Two studies were based on the
National Health Interview Survey™
and the National Aleohel Survey 2 Us-
ing-all-cause mortality and REs from
these studies, we estimated approxi-
mately 60000 deaths per year, This dif-
[erence in number of deaths is mainly
due to the fact that BRFSS respon-
dents report 2 higher percentage of
heavy drinking than do respondents in
4 household survey such as the Ma-
donal Mealth Intervicw Survey.

In anather approach, we sggregated
aleohol-related deaths from specified
ICD codes that were summed to pro-
vide an overall estimate of deaths. In
2000, 18539 deaths were reported asal-
cohol-induced {ICD-10 codes F10,
G31.2,G62.1,142.6, K29.2, K70, R78.0,
45, X65). In addition, 16653 persons
were lilled in alcohol-relaced crashes

82004 Ametican Medical Association. All rights reseryied



We estimate another 34797 deaths in
2000 using BRFSS alcohal consump-
ton data and disease-specific RRs from
the Australian study for oropharyn-
geal, esophageal, liver, laryngeal and e
male brease cancers: strolie; lyperien-
sive hieart disease; and other clironic liver
disease and cirrhosis (ICD-10 code
K73-74). This totals 1o 69980 deaihs in
2000 from these factors alone. In the
Australian study, all-cause mortaliny was
also higher than the summation of cause-
specilic mortality,

Total alcohol-attributable deaths
would reach abour 140000 if mortal-
ity among previous aleohol donkers
were indluded. It is unclear whether ex-
cess mortality among former aleohol
drinkers is due to damage or illness
from past alcohol consumption

Taldug these various numbers into ac-
count, oor best estimmate for 1ol alcohol-
attributable deaths in 2000 is approxi-
mately B3000, based on the conservative
estiinate from cavse-specific deaths and
the ligh estimate using all-cause mor-
tality. This is a reduction of 15000
deaths from the 1990 estimates,

Microbial Agents

We excluded human immunedefi-
clency virus (HIV) from this category
and included it with sexual behaviors
to be consistent with the analysis by
MeGinnis and Foege.' 1n the past, in-
feclious agents were the leading cause
al mor@ality ™ These agents still pre-
sentamajor threat to the nation's health
and are associated with high mor-
bidity* Several improvements in the
health system have led to a decline in
mat tality from infecions diseases, The
increase in US immunization rates led
ta decline in mortality from many vac-
cine-preventable diseases 37 Sevaral
laws ensure this high immunization rate
lor children by requiring vaccination for
school and day-care enrollment. ™ There
also have been substantial improye-
wents in sanitation and hygiene, ant-
biotics and other antimicrobial medi-
cines, and hospital-infecton contral

in 2000, influenza and pneumonia
accounted for 65313 deaths, septice-
mia for 31224, and whberculosis for

B200% American Medical Asseciation, All dglis reserved.

776.* In general, moriality from infec-
tious and parasitic diseases has de-
clined since 1990.% Because pnewmo-
nla and septicemia occur at higher rates
among patients with cancer, heart dis-
ease, lung disease, or liver disease, some
of these deaths really are attributsble
to smoking, poor diet, and alcohol con-
sumption.***! We estimate that ap-
proximately 75000 deaths were aurib-
wiable to microbial agents in 2000 fram
all ICD-10 codes [or infecdous and para-
sitic mortality, The major cause of the
decline was a decrease in deaths from
influenza and pneumonia probably re-
flecting at least in part an increase in
immunization in older adults agasinst
vaccine-preventable diseases. This con-
Leasts with 90000 deaths atibuted to
microbial sgents in 1990 estimates.

Toxic Agents

Estimating the number of deaths due to
taxicagents is more challenging than any
of the ather tisk fetors due o limited
published research and the challenges
ol measuring exposure and outcome. In
the 19903, niany improvements were
made in controlling and monitoring pol-
lutants ™ There is more systematic moni-
toring of pollutants at state and county
levels, and exposure to asbestos, ben-
zene, and lead have declined ™ In fact,
the US Environmental Protection
Agency reported o decline of 25% from
1970 to 2001 in 6 principal air pollui-
ants; carbon monoxide, lead, ozone, ui-
trogen dioxide, sulfur dioxide, and par-
ticulate mateer,

Toxic agents are associated with in-
creased mortality from caneer, respirn-
tary, and cardiovascular diseases. 1 e
used the Mational Morbidity, Moral-
ity, and Air Pollution Study to estimate
mortalily due to air polludon® The
study assessed the association between
air pollution and mortality and morhid-
ity in 90 cities in the United States. Only
particulate matter (PM) way associated
with a significant increase in mortal-
ily—an approximate 0.3% incresse in
total mortality for cach 10-p/m? in-
credse in PMy,, Previous siudies re-
ported a range of 0.4% to 1% for that as-
sociation ** We used 23.8 wim? as the

CAUSES OF DEATH

daily average of PM,,; concentration in
2000," which results in an estimate of
24000 deaths per year (range, 22000-
52000 deaths} from air pollution alone,

The Mational Institute for Oceupa-
tionl Safety and Health (NIOSH) esti-
mates that abour 113000 deaths are due
to occupational exposure from 1968 w
1996.% The number of deaths caused by
occupational exposure has declined dur-
ing that period. In 1906, NIOSH esti-
mated 3119 deaths from preumoconio-
sisand 1176 from ashestosis. Although,
particulate air pollution accounes far the
majority {about 60%) of mortality re-
lated to toxic agens ® indoor air pollu-
tion, environmental tobacco smoke, ra-
don, lead in drinking water, and foad
contamination are associated with in-
creased mortallty. *** W estimare thar
toxic agents (excluding environmental
tobacco exposure) were associated with
2% 0 3.5% ol total mareality in 2000. We
cstimate approximately 55000 deaths ar-
tributable 1o toxic agents in 2000, This
estimate is our least certain of the vari-
OUS catises.

Motor Vehicles

blotor-vehicle crashes invalving pas-
sengers and pedestrians resulied in
43354 deaths in 2000.* This decline
from 47 000 deaths in 1990 represents
successful public health efforts in motor-
wvehicla safery ¥ Deaths from aleohol-
related crashes declined [rom 22084 in
18990 to 16653 in 20003 Major con-
tributing factors include the uge of child
salely seats and safety belts, ™0 de.
creases in alcohol-impaired driving ®
changes in vehicle and highway de-
sign 2 and national poals o reduce mo-
tor-vehicle—related mortality and in-
jury."™ We estimate that approximately
26500 deaths in 3000 were attribur-
able (o motor-vehicle crashes in which
alcohol was not a factor. This is an in-
erease of 1500 from the 1990 report be-
cause both estimates were not adjusted
for the number of registered velicles,
number of crashes, nor miles of trivel,
We included alcohol-related deaths o
stress that efforts 1o educaie the public
and enforce laws against driving while
intoxicated have accounted for most of

{Reprinted) JAMA, Masch 10, 2005—val 291, Mo 10 1241
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thie decline in deatls relaced 1o motor-
vehicle crashes:

Firearms

Firearm-related incidents resulted in
28663 deaths ameng individusls in the
United States in 2000.* This is a de-
cline from spproximately 36000 deaths
in 1990, The largest declines were in
deaths from homicides and uninten-
tional discharge of firearms. In 2000,
16586 deaths were due o intentional
sell-harm (suicide) by discliarge of fire-
arms (ICD-10 codes X72-X74). Assault
(homicide) by discharge of firearms
{ICD-10 codes K93-X95) resulled in
10801 deaths. Unintentional dis-
charge ol firearms (ICD-10 codes W32-
W34) reculted in 778 deaths, while dis-
charge of firearms, undetermined intent
(ICD-10codes Y2 2-Y24), resulted in 230
deaths. The remaining 270 deaths were
due 1o legal intervention (ICD-10 code
¥35). These numbers were ascertained
[rom death certilicate reports,

Sexual Behavier

Sexual behavior is associated with an in-
creased risk of preventable disease and
disability.” An estimated 20 million per-
sons arve newly infected with sexually
transmitted diseases each year in the
Umited States.“* Morality from sesxu-
ally ransmitied diseases is declining due
to the availability of earlier and better
treatment, especially [or FIV.5#8 In
2000, HIY disease (ICD-10 codes B20-
B4 resulted in 14578 deaths, Tn 1990,
LIV was the cause of 27 693 deaths for
persons older than 13 years, indicating
abuout a 48% decline in HIY moriality
during rhe decade. Dased on the sexual
behavior—attibutable fraciion from the
literature ™ we estimnate that 20000
deaths (range, 18000-25000 deaths) in
2000 were due 1o scxual behavior—
mainly HIV; other contributors were
hepaiitis B and © viruses and cecvical
capicer, The decline of 10000 deaths
[rom the 1990 estimates’ was due to the
decline in HIV mortalicy.

llicit Use of Drugs
1licit drug vse is associated with sui-
cide, homicide, motor-velicle injury,

1242 1AMA, March 10, 2004—Val 291, Mo, 10 (Repuinled)

HIV inlection, pneumenia, violence,
mental illness, and hepatitis **%77 An
estimated 3 million individuals in the
United States have serious drug prob-
lems. " Several studies have re-
ported an undercount of the number of
deaths attributed to drugs by viial sta-
tisties™; however, improved medical
treatments have reduced mortality from
many diseases associated with illicit
drug use. In keeping with the report by
McGinnis and Foege,' we included
deaths cansed indivectly by illicit drug
use in this category. We used atribut-
able fractions to compute the number
of deaths due to illicit drug use 7288
Overall, we estimate that illicitdrug use
resulied in approximately 17000 deaths
in 2000, a reduction of 3000 deaths
from the 1990 report,

Other Factors

Several other factors contribute to an
increased rate of death. There are fac-
tors thatwe do not know of such asun-
known pollutants or perhaps expo-
surec that may cause a considerable
number of deaths. Poverty and low edu-
cation levels are associated with in-
creased mortality from many causes =
partly due 1o differental exposure tao the
risks described above. However, con-
teolling for dilferential exposure Lo risk
factors is unlikely to explain the en-
tire impact on mortality. Lacle of ac-
cess to proper medical care or preven-
tive services is associated with increased
mortality.* Biclogical characteristics
and genetic factors also greatly alfect
risk of death ¥ In most studies we re-
viewed, low educadon levels and in-
come were associated with incressed
risk of cardiovascular disease, cancer,
diabetes, and injury. The Healthy
People 2010 initiative has made the
elimination of liealth disparities, espe-
cially racial and ethnic disparities, a pri-
mary goal F

COMMENT

We found that about half of all deaths
that occurred in the United States in
2000 could be atiributed to a limited
pumber of largely preventable beliay-
iors and expasures. Overall, we found

relatively minor changes from 1990 o
2000 in the estimated number of deaths
due to actuzl causes, Our flndingﬁ in-
dicate thatintervenlions to prevent and
increase cessation of smoking, im-
prove diet, and increase physical activ-
ity musi become much higher priori-
tes in the public health and health care
systems,

The mast striking finding was the
substantal incresse in the number of
estimated deaths atrtbutable o poor
dizt and physical inactivity, We est-
mate that roughly 400 000 deaths now
gceur annually due to poor diet and
physical inactivily. The gap between
deaths due to poor diet and physical in-
activity and those due to smoking has
narrowed substantatly. Becanse rates
of overweight increased rapidly dur-
ing the 19905, we used a conservative
approach to make our estimates, ac-
counting lor the delayed effects of ever-
weight on mortality. In addition, over-
weight lessens lile expectancy 5™
However, itis clear thacif the increas
ing trend of overweight is not re-
versed over the next few years, poor diet
and physical inactivity will likely aver-
teke tobacco as the leading prevent-
able cause of mortality.

The mest disappointing finding may
he the slow progress in reducing to-
bacco-related moriality. A few states,
notably Califernia, have had major suc-
cess in progeams that led to reducing
deaths from heart disease and can-
cer.”™ However, efforts in most other
siales are oo recent or shore-term 1o
have a similar elfect, In response wo the
increase in tobacco use among youth
in the early 1990s, state and national
tobacco-control effortsincreased their
focus on prevention of initation-and
recognized the importance of cessa-
tion on reducing smoking-related
deaths, Thus, most national and swie
ellorts now address comprehensive pro-
gram serategies.”™ Current tobaceo-
comirol elfores will also need strong ces-
sation components-to show a decline
in tobacco deaths in a future assess-
ment, Recent reports on the ffects of
telephone quit lings for smokers are en-
couraging.® On the other hand, lacge
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state budgzt shortfalls are leading to
large cuts in public health, with a cor-
responding diversion of resources from
tobacco taxes and settlement dollars to
cover deflicits instead of tobacco-
control programs.

Despite the call to action on these risk
factorsa decade ago, there has been linle
progress in reducing the woral number
of deaths from these causes. The
progress that has occurred primarily in-
valves actual causes of death that are
less prominent. With the shift in the age
distribution of the population, more
aclults now are in the age group at high-
eat risk because of the cumulative ef-
fects of their bebaviar, The net effece
is that both wetal deaths and total
burden due to the actual causes have
increased.

Cur analyses have several limita-
tions. Our study reported actual causes
of moriality in the United States. How-
ever, Lhese cauwses are also associated
with a large morbidity bucden, Tn ad-
dition to premature death, years of lost
lile, dininished productlvity, and high
rates of disability, decreased quality of
life iz also strongly associated with these
aclual causes, A recent World Health
Organization report finds these actual
causes af death to be the leading causes
of towal diseasz burden, not just mor-
wality, in the developed world ! Be-
cause we used self-reported esdmates
lor some risk behaviors, (e, preva-
lence of alcohol intake) they may have
been underestimated. Finally, using
all-cavse morwality may result in over-
estimates ol the number of deaths from
specific causes. Tn addition, if the effect
of the risk lactor is age-dependent,
then age- and sex-specific estimates
are preferable.

Our analyses did not assess the effect
of genetics, Genetic [actors have been
associated with seversl diseases dis-
cussed herein, ! Much of the impact of
genetics is likely mediated through in-
ereased physical susceptibility Lo these
behavioral and other modifiable risks.
However, increases in obesity and dia-
lietes cannot be due to widespread
changes in the human genome over the
last 10 years. Mevertheless, genetics of-

#2004 Americon Medical Assaciagon. All rights reseivel,

fers great potential for treating and ame-
liorating risk. Idenlifying individuals at
higher risk [or a disease through ge-
netic testing may promote lifestyle
chanpes that can help prevent the on-
et of that disease.®

In this study we also did not exam-
ine the effects of higl blood pressure
and cholesterol or lipid profile on mor-
tality, although some of the effects of
these factars are meditated through
poor diet and physical inactivity. These
risk factors are common among adulis
in the United States. More than 30% of
LS adults have high hlood pressure ar
high cholesterol ™ Monitoring and
contrelling blood pressure and choles-
terol is crucial to preventing prema-
ture mortality and morbidity,

One of the most difficult aspects of
this analysis is that the attribution of
the actual cause that led to death var-
ies depending on perspective, We nsed
similar methods to those used by
WeGinnis and Foege' to allow com-
parisons. We tried when possible o use
L5 that are fully adiusted for other sk
[2ctors in our analyses, bur possibly not
eliminating duplicate attribution of
causes, We also explicitly included
some deaths in mote than | category
(eg, aleohol 2nd motor vehicle crashes)
when choosing anather category
seemed as though it might artificially
constrain interpretation for future pre-
vention programs,

In summary, smoking and the deaths
attributed to the copstellation of poor
diet anel physical inactivity currentdy ac-
count [or about one third of all deaths
in the United States, The rapid in-
crease in the prevalence ol overweight
means tat this proportion is likely to
increase substanually in the next faw
years, The burden of chronic diseases
is compounded by the aging elects of
the baby boomer generation and the
concomitant increased cost of illness at
g time when health care spending con-
tinues Lo ouwstrip growth in the gross
domestic product of the United States,
In ancient times, Hippocrates stated that
“the function of protecting and devel-
oping health must rank even sbove that
of restoring ttwhen itis impaired.” The

CAUSES OF DEATH

findings in this study argue persua-
sively for the need o establish o more
preventive orientation o health care
and public health systems in the United
States.
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The Immediate vs the Important

I Michael MeGinnis, MD, MPP
Willinm H. Toege, MIN, MPH

HEN HIPFOCRATES OBSERVED THAT “PROTECT-
ing and developing health must tank even
sbove that of restoring it when it is im-
paired," he seta standard that is difficult to
meet, One of the most difficult challenges is 1o ensure that
the urgent dues not crowd out the impartant, In health, chis
challenge is especially difficull because urgent matters can
be so riveting. At the personal level, the presence of illness
ot injury often overpowers all other concerns, and the search
lor effective treaument often dominates all other pursuits,
At the policy level, with 15% of the US gross domestic prod-
uct devoted o health care,” medical care expenditures af-
ten drive decisions in which cost cutting is simed Hrst at
diseretionary investments, such as those in prevention and
public health that olfer the greatest prospeets for overall
health improvement. Hence, tools are needed to facilitate
the gathering, analyzing, and reporting of data in a fashion
that enables taking action nol merely on the urgent but an
issues most important ta the health of a populatdon.

In health, the mest basic measure of imporiance is found
inmorlality whles—the registry of lzading killers drawn From
death certiticate data, Despite the vital statistics system re-
lying substantially on unverified physician reports thatmay
be subject to various sources of bias, the results over lime
seem Lo be reasonably reflective of the dominant diagnoses
al the dime of death. For example, while the oceasional sui-
cicde may be reported as an accidental death, 2 coronary heart
diszase death is likely 10 be accurately recorded, with rea-
sonabile indication of related conditions,

Everydeath hasa definzble history that usually can be traced
hack for decades and sometimes even for generations. Re-
pordng of deaths, disesses, and disabilities in traditional di-
agnostic calegaries tends o obscore the impertance of fac-
tors that often play determinant antecedent roles in the
occurrence of the reported conditions. When it comes to tank-
ing hiealth problems and committing resourees, anenton secms
more naturally drawn 1o the conditdons most proximate to
surinus fllness or death, For instance, 2 diagnosis of lung can-
cer draws interest and immediate concern because 1t is life-
threatening and the certainty of its threat 15 ungquestioned,

“¥et, nearly 9 tmes out of 10 Jung cancer is merely the natu-
ral pathiologic consequence of exposure to tobacco use, the
single most prominent actual cavse of the lung cancer, Abil-
ity to male progress on many of the key health challenges

@200+ Awerican Medical Association. Al rights resoved

will remain constrained untl focus and resources are di-
rected to the root cavses of these conditions.

Fortunately, much has been learned from research of the
past generation about the factors leading to disease and in-
jury and the magnitude of their conwributions, The Matdonal
Center for Health Statistics reports that the 10 lerding canses
of death in the United States in 2000 were heart disease, can-
cer, strale, chronic lower respivatory (ract disease, uninten-
tional injury, diabetes, influgnza and preumonia, Alzheimer
disease, nephrils, and septicemia ? The article by Moledad and
colleagues® in this lssue of THE JOURNAL assesses these mar-
tality data against cwrent knowledge about the contributors
ta those conditions. The findings indicate that the leading nc-
tual eauses of death for 2000 are whacco, poor diet and physi-
cal inactivity, alcohol conswmption, microbial agents, toxic
agents, motar vehicles, fArearms, sexual behaviors, and illicit
use of drugs. Together, these causes accounted [or approxi-
mately half af all deaths in 2000, with nearly twe [iths atrib-
utable to the top 3; tobaceo, poor dict and physical inaciivity,
and alcohel use. This analysis is an update of our earlisr re-
pore,? which estimated the contributions of the actual causes
of death in 1990, The order of the ranking for 2000 is similar
ter that for 1990, with an espedially notable increase in those
deaths attributable to poor diets and physical inactivity and a
decline in deaths due to sexual behavior,

However, there are some differences in the approaches
usedin these 2 studics. Tirst, the 1990 estimate for the im-
pact of poor diet and physical inactivity was drawn [rom the
range of estimates of the propordon of deaths from condi-
tions related to these factors, Tn contrast, hMoldad et al used
hazard ratios in an ambiticus primary computation of an-
nual deaths from the specific issue of obesity, rather than
the full range of conditions related to diet and activity pai-
tems, They added a correction of 13000 for the non—obesity-
telated deaths but noted that this may be conservative, This
estimate scems low, given the substantial number of car-
diovascular and cancer deaths that may be atiibuiable w
the dietary and inactivity patterns of those who are not over-
weight or obese. Second, the 1990 assessment parsed the
alcohol-related portion of motar vehicle fatalities and as-
signed these deaths to the alcohiol category, which ex-
plains the higher 2000 number for motor vehicle deaths and
lower number for alcohol deaths estimated by Maoldad et

Authar Alfillations: The Rebert Weod Johnsen Foundation, Princeton, #) {0r
MicGinnish and the Bill and Melinda Gates Foundzlion, Seattls, Wash (Dr Fosge),
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al. Third, where dataand issues were most complicated (ie,
diet and inactivity, toxic agents), the 1990 report used the
lewer bound of the estimares generated. Fourth, because the
19940 report generated estimates and not actual counis for
several categories, a series of rounding rules were applied;
nuwinbers greater than 100000 were rounded Lo the nearest
100000; greater than 30000, 1o the nearest 10000; and less
than 30000, to the nearest 3000,

The information by Mokdad ctal—in particular the mod-
eling on the canuibutions of overweiglt and obesity—
allows a stronger measure of confidence in reporting re-
sults at the midpoints of the estimate ranges for various
calegories. Specifically, the estimated range reported in our
1990 analysis for tobaceo-atributable deaths was 257000
to 468 000, for diet and activity patterns, {t was 309000 ta
582000; and for alcohol use, it was 67000 1o 107000, Ap-
plying the same approach for deaths in the year 2000 gives
approximate ranges ol 340000 to 642000 for dizt and ae-
tivity patterns, 261000 o 490000 for tobscco, and 539000
10 110000 for alcohol. The estimates would suggest that diet/
physical activity patterns are now in fuct likely greater con-
tribuitors to mortality than tobacca is (and, in retrospect,
probably were in 1990} and are most likely increasing in
their impact. Another important category not included in
the 1990 or the 2000 articles is medical errors, which, ac-
cording to the report from the Instimte of Medicine, are es-
limated w account for 44000 to 98000 deaths annually.®

Diespite these dillerences in analytic approaches, the ob-
served trends in actual causes of death from 1990 w 2000
reflect several important conclusions and implications: that
3 cauzes identified—dietactvity patterns, tobacen, and al-
cobol—account for a substantial proportion of preventable
deaths in the United States; hat poor diets and physical in-
activity are increasing rapidly as actual causes of destlis; that,
despite highly visible concerns shout newly emerging and the
potential use ol infectious agents as biological weapans, the
death toll [rom infections dizseases continues to decline: and
that the past decade has been one of substantial progress
against HIV/AIDS Ga the United States, which appears in these
cstimates as reduced deaths from sexual behavior,

During this decade, s number of changes also occurred
In terms ol public attention and capacity lor action, Public
awareness has inceeased about obesity as a clear public health
threat and about the importance of the fragile public health
infrastructure as the frontline safeguard against biolerror-
lsm, emerging infections, and environmenial salety, and as
the public leader of efforts that will Toster health-
prometing lHestyles. Advances in information technology
over the last decade olfer the prospecis [or carlier detection
ol problems, better tacgeting of efforts, and more relisble
menitoring of publichealth results. Contnued progress de-

' pends on strong and vibrant public health capacity, work-
ing with the solid support and involvement of medical prac-
litioners to engape effecuively the health needs of the
communities they serve,

1264 1AMA, Morch B, 2004=Wal 291, Mo_ 10 (Reprinted)

Several priorities seem clear at this point, Because a sub-
stuntial praportion of early deaths among the US population
is preventable through Hlestyle change, the social commit-
ment to maldng those changes possible must be enhaneed con-
sideszbly. Decisions about whether to smoke, how much 1o
drinik, how much and what ldnds of foed o consume, and
activities in which to engage are the result of srong cultural
and commercial signals, Unless strategies are specifically de-
signed to address and improve the clarily and utility of these
messages, US society will fall far short of the possilile,

As analyses of the underlying causes of disease ave vefined,
itis also important to better capture and apply evidence abowt
the centrality of social circumstances to health status and out-
comes. Although the data are still nol crisp enough to quan-
tify the contributions in the same fashion &s many other fac-
tors, there is no question that ium eradle (0 grave, interpersonal
linkazes matter, For instance, studies cansistently have shown
that infant nurnuring enhances socialization and survival.” Pre-
natzl home visite 1o at-risk mothers can reduce the likeli-
hood of both risky health behaviors and criminal activicy by
the children some 15 years hence® Adulis, including older
people, who are socially isolated have a 2- to 5-fold higher death
vate than athers.” Parsing the ways inwhich secial factors alfect
and protect heallh status, and the magnitude of the jmpact
fur some populations, will help to heighten sensitivity o the
issues and better target interventions,

Refining sights into the root causes of illness and injury,
presening those insights i a fashion that can motivate and
guide ellective action, and marshaling the eflort to monitor
the results of these acons will require steady improvement
in the knowledge base. National leadership and commitment
at the policy level, such as suggested by Mokdad and col-
leagues, is an impartant ingredient for progress. 1{ the nation
canheed the insights they share, acceleration of the attention
and zction necessary for progress oughit o beantcipated. After
all, “Wisdom [s knowing what to do next. Virme is doing i "
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fadifiable Behavioral Factors
as Causes of Death

Tothe Editor; DrMokdad and colleagues! reported that the lead-
g cause of meekdity in the United States is tobaceo use, fal-
lowed by panr dieinactivity and alcohol use. [ believe that the
authars sheuld alse address the beneficial elfects on mortality,
ifany, of these modifiable factors. Some may be benelicial in small
quantitics and may thus have a U-shaped relatlonship ta mor-
tatity. One example is the well-decumented beneficial effect of
law levels of slcohol consnmprion an the health of populations
with # high risk of cardiovasculss disease.t?

Gearge Anstadt, MD

ganstadtillan] com

Dccupational Healtl and Rebabilitation ne
Rochester, Y ’
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To the Editor: Dr Mol:dad and colleapues! reporeed that abouwt
one third of deaths in the United States ara awribatable tosmok-
ing and overweight. By calling attention to a predicted in-
crease in health care costs secondary (o these risk factors, the
authors implied that prevention of these risk factors will save
cosis. They concluded that there is an urgent need to provide
more prevention of these risk factors,

This conclusion seems premature, however, Fivst, diseases
such as depression and esteearthritis are nat listed among the
leading causes of death but lead to considerable sociztal mor-
bidlity.? Henee, setting priotities only on the basis of morality
data can lead to bias. Second, | am not aware of evidence that
primary or secondary prevention of overweight would reduce
long-term costs. Primary prevention will waste money on some
people who remain lean, while secandary prevention may waste
maney on the many people wha resist changing their behav-
ior. Furthermore, au increase in life expectancy may resuliin
increased costs for diseases such as dementa,

Alschin Gandjour, ML, PhD
alschingandjour@medizinuni-koeln.de

institure of Health Eronomics and Clinical Epldemiology
University of Cologne

Cologne, Germany
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Ta the Editor: Dr Moldad and colleagnes! attributed 400000
U5 deaths to abesity, just below the 435000 they sttribuled ta
tobacco. The esthmale for tobacco was achicved® by stratifying
by cause of death, sex, and age, then adding up the resulting
individual cauges. The estimate [or obesity does not account
for imporiant variables, particularly age and unmodiliable ge-
natic factors? Because the vislk of dying becavse of obesicy de-
creases at advanced age,* the authors should have viken this
varisble into aceount in the estimations. Inaddidon, the popu-
lation age distribution is now older than when these studles
were performed, so applying unadjusted risk estimates to the
current populaion overcstimates the number of deaths.

We are also concerned that the authors provided no justifi-
cation fot adding 15000 deaths for poor diet and physical in-
aclivity, They provided no evidence to support the ssuop-
tion that these deaths would occur beyond the direct elfects of
obesity per se. In conirast to this strategy in the case of obe-
sity, the authors underestimated the number of deaths due
secondhand smoke. Their estimate of 33000 deaths is the lower
baund of the estimate [or hewrt disease published by the Cali-
{ornla Envitonmental Protection Apency.® Using the mean es-
timates of deaths for heart disease, lung cancer, and sudden
infant death syndrome would significantly increase the esti-
mate of the number of deaths due to passive smoking,

Every premature death from tebaceo is avoidable, While In-
terventlons such a5 eliminating sugared drinks in schools orin-
creasing exercise might reduce the level af obesity,” a substan-
tial [raction of obesity is due to genetics.,” The authors
acknowledged this fact but did notatteimpt to estimate its elfect.
Even if genetics sccounted for only 20% of the obesity effect,
the estimate of preventable deaths per year would be 80000 fewer.

Given that the dala necessary to do the obesity calculations
with these adjustments arc available, we request that Maldad
and colleagues provide these more accuraie cstimates.
Joaquin Barnoya, MD, MPH
Stanion A. Glantz, FhD
glintz@medicineucsl.edu
Centes for Tebacco Control Research and Educarion
University of California
San Francisco
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To the Editor: By locusing solely an biehavioral factars as the
underlying cause of deaths, Dr Mobdad and colleagues! may
have perpetuated the argument that these preventble deaths
are the individuals responsibility alone, By contrast, a graw-
ing bady af research has reported significant relationships be-
tween health ane o variety of social determinants, including
income, race, ethnicity, sex; and accupaton. The relation-
ship between hezlth and these social determinants may not ap-
erate exclusively through differences in the prevalence of be-
havioral risk facters.!

Ferinstince, people living in houscholds with incomes of at
least $25000 live 3 ta 7 years longer than those living in house-
kalds with incomes of $10000 or less.? Furthermare, poverty is
a significant risk factor for obesiry ? Paying more atiention Lo sa-
clal determinants of health does not obviate efforts o address
behaviaral risk factors but, instead, places some of the respon-
sitility for improving the population’s health on the effores of
goverament and society to buprove soclal conditions for all,
bl Mawal Lutliyya, PhD
lutfiyya@uic.edo
Eric Henley, MD, MPIE
Department of Funily and Community Medicine
University of Wlinais-Clicago, College of Medicine at Rockford
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Ta the Editer: To compure the fraction of morality aterib-
uled to specific behaviors relating to poor diet and over-
weight, Dr Molidad and zolleagues’ estimated the annual deaths
due to overweight. We do not understand the authors' con-
clusion that the "major impact of poor diet and physical inac-
tivity” would be mediated by overweight, and we are puzzied
by why they cited one of our articles? o support this asser-
tian. We have 2 concerns about their approach.

2942 JAMA, June 23030, 1004 —Va) 291, Mo, 249 (Reprinted)

First, the attributable risk of montality due to poor dist and
inactivily should be computed using population prevalence and
relative risk data for each of these axposures, rather than us
lng data for overweight as a surrogate lndicazar of these be-
haviors. As MeGlanis and Foege® pointed out in their sccom-
panying Edilorial, “the 1990 estimate for the impact of poar
diet and physical inactivity was drawn fom the range of esi-
mates of the proportion of deaths from condidons related 1o
these factors.” Thus, the assertion of Mokdad et al that deaths
due 1o poor diet and inactivity have increased from 300000 o
00000 from 1990 10 2000 is inappropriate given the differ-
ent approaches used o develop these 2 estimates.

Second, poor diet and physical tnactivity are directly asso-
clated with risk of monalicy, independentaf body size and over-
weight. In their Table 2, Mokdad et al attributed 400000 deaths
to poor diet and inactivity. They indicated that 385000 of these
deaths were due to overweight and estimated that only 15000
deaths, or approximately 4% of the total, were due to poor diet
and inactivity alone, The authors did not provide a descrip-
ton of the methods they used o arrive at the number ol 15000,

MNormal-weight pessons may die because they eat too much
saturated fat or are sedentary. In our study, 8,7% of deaths were
in normal-weight men with elevated cholesterol levels,* and in-
vestigators from Sweden reported that 10.6% of deaths in their
cohart occurred In normal-weight men who were sedentary
Physical inactivity and poor dietary habits aze important in-
dependent mortality predictors that result in adverse health ef-
fects far beyond those mediated hy overwelght,

Steven M. Blair, PED
shlzir@cooperinst.org
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The Cooper Institnwe
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InReply: Dr Anstadtraises the issue of beneficial effects of low-
level alcohol consumption. While we agree that analysis of a
U-shaped dose-respanse impact of aleohol on martality would
be ol interest, such analysis could be more difficult for nutri-
tion where a minimal dose is necessary for health. Thus, we
chose to assess the adverse consequences af alcohol abuse rather
than the potendal harms and benelits associated with any al-
cohol use, This is similar to recommendations of the Warld
Health Association ta monitor harims from medivm- and high-
visk drinking ! Moreover, itis consistent with aleohol policy

Q200 American Medical Association, All righes reserved.



goals in the United States, which [ocus on reducing excessive
drinking among adults who consume aleolal 2?

We agree with Dr Gandjour that it is impartant 1o consider
the contribution of conditions that may not cause mortality but
have signilicant health eflecis. A key question is whether pre-
venlion saves monzy (sometimes) and leads to better later healtl
At less cost (ofien), compared with cueative care, This is fur-
ther complicated by the perception that prevention is a waste
ol money for those on whom It does not wark.

in response o Drs Barnoya and Glantz, we agree that the
tlsk ol death from obesity declines with age. We disagree, how-
ever, that this significantly modifies the effect. The largest in-
crease in the United Sistes age distribution is in the 45- to &4-
year-old age groups, which had a large increase in abesity,!
However, the relative risks for our obesity computation were
adjusied for age, sex, and sinuking status,® and the data sources
werz based on prospective studies with ages ranging [rom 18
to 94 years at bascline. In fact, one of the surveys used is na-
tHounally representative, with an oversample of older Ameri-
cans and minarities.® Furtheomore, we explicitly discussed the
possible impact of geoeiics; thus, we reported that aur est-
mate for poor dict and physical inactivity was conservatlve,

We agree with Drs Lutfiyya and Henley that consideration
ef heallls determninants is eritical in addressing these risk fac-
tors 2nd, thus, we emphasized the importance of conununity
policy in our article,

Finally, we agree with Dr Blair and colleagues that a normal-
weight person may not be physically active or cata balanced diet
rich b [ruies and vepetables and, on the ather hand, that an over-
welght person may practice such beneficial behaviors. We also
agree that poor diet and physical inactivity are assoclated with
wnortality independently of body mass index—the Waorld Haalth
Organization repotted that an 18.5% rate of mortality in the US
is attributed to peor diet and physical inactivity (8.4% attrib-
uted to BMI; 5.3% wo low consumption of fruits and vegetables;
and 4.8% to physical inactivity).” We scknowledged that our
methodology may have underestimated the elfects of poor dict
and physical inactivity on moraliyy, However, we contend that
abesity has made the 2 visk behaviors of poor diet and physical
inactivity more visible, thereby allowing public health profes-
sionals at the medical and population level o intervene, Mare-
over, body weight and height are easier to measure than physi-
cal activity and diet. We agree that it s critical 1o promote a
balamced dier and inceersed physical activity.

Al H. Moldad, PhD

amebidad@ede. gov
Divishon of Adult and Community Health
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Hypertonic Saline for Prehospital Treatment
of Traumatic Brain Injury

To the Editor: Dr Cooper and colleagues found ne benefie w
prehospital adminiswration of 230 ml. of 7.5% hypertonic saline
among patients with hypotension and severe traumatic brain in-
jury. Itis not ¢lear, however, whether the trial had sulficient sta-
tictical power 1o detect a meaningful difference. The tial was de-
signed 1o detect a 20% improvement in the conventionzl extended
Glasgow Outcome Scote (GOSE) with BO% power and an o sta-
tistical value af .05. 1 do nat think this is sn ideal end point be-
czuse | believe that mostclinicians and patients would not view
a change from death to persistent vegetative state or from per-
sisrent vegerative to severe disability as a treatment success,

A mare important putcome would be dhe amainment of a func-
tional neurologleal stamus. Other recent trials of brain injury
have measured the propostion of patients with a fzvorable neu-
rological outcomie as the primary outcatmne, Given that inae-
cent rial of hypothermia in severe traumatic brain injury® in
which 43% of patients attained = favorable outcome, a consid-
erably larger number of parients would be necessary o detect
difference in this end point

1 have 2 other concems about this study. Fiese, it ls possible
that the higher level of sodivm at presentation among patients
who received hypertonic saline could have unblinded the at-
wending physicians and potentially affected the rates of cointer
ventons. Theauthors in faet provided linde information on the
in-hosplal maragement of these patients. As in the swody of
Clifton et al,? a strict protocol should have been applisd and
compliance assessed,

Second, itwould be ol interest 1o know whether other known
prognoste factors for severe traumsiic brain iojury were bal-
anced between Lthe proups including pupillary response {not
presented), episodes of hypoxemis, episodes of hypotension,
snd proportion of patients i each Marshall category.

David Zygun, MD, FRLCPL
Departments of Crivical Care Medicine

and Clinical Mgurosciences
University of Calgary
Calgary, Alberta
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